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TIDE HEIGHTS ALONG THE COASTS OF THE UNITED STATES 


L. P. Disney,’ A.M. ASCE 


SYNOPSIS 


Elevations of extreme tides and secular variations in sea level are impor- 
tant factors in the design of coastal installations. Tables are given which 
list the highest and lowest tides recorded at a number of control tide stations 
distributed along the coasts of the United States. The yearly and secular 
variation in sea level for certain of the stations where the tide observations 
extend over a period of 20 to 60 years are presented in separate illustrations 
for the Atlantic, Gulf, and Pacific coasts. 


INTRODUCTION 


With shores bordering on the Atlantic Ocean, the Gulf of Mexico, the 
Pacific Ocean, the Bering Sea, and the Arctic Ocean it is to be expected that 
the tides along the coasts of the United States would vary materially from 
place to place.” In fact along the general tidal coastlines of some 28,000 
miles are found most of the various types and characteristics of tide occur- 
ring throughout the world. Varying hydrographic features along our coasts 
also bring about appreciable differences in storm effects upon the level of the 
sea. From an engineering viewpoint extreme heights of the water and vari- 
ations in sea level are of considerable practical importance. The basic 7 
source of such information is systematic tide observatipns obtained from 
control tide stations maintained by the U. S. Coast and Geodetic Survey. A 
number of these stations are cooperative projects with other agencies. 


Highest and Lowest Tides 


In considering tidal heights it is essential that they be referred to some 
datum. Whereas it is usual to reference such heights to one datum, in the 
following tables the highest tides are referred to a high water datum and the 
lowest tides are referred to a low water datum. The primary purpose of this 
is to provide some criteria for comparing the heights at various places. If 
only one datum were used the large variation in the range of tide from place 
to place would make such comparison impractical. 


It should be noted that the height of the highest and lowest tides listed in ay 
these tables refer to the heights in the float wells of the tide stations. As 
the float wells have a small opening which damps wave action the heights do { 
not take into account the elevation of waves. 
1. Asst. Chief, Div. of Tides and Currents, U. 8S. Coast and Geodetic Survey, a 


Washington, D. C. 
2. “Tides and Their Engineering Aspects,” G. T. Rude, August, 1927. 
Proceedings ASCE, pp. 1069-1134. 
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Atlantic Coast.—The mean range and highest and lowest tides for a number 
of control tide stations on the Atlantic coast are given in Table 1. The mean 
range is the difference in height between mean high water and mean low 
water.’ Heights for highest tides are above the local datum of mean high 
water while the heights for lowest tides are below the local datum of mean 
low water. The average yearly highest and lowest tides represent the mean 
of the highest tide of each year and the mean of the lowest tide of each year 
covered by the series of observations. 

Examination of the table shows that along the Atlantic coast the average 
yearly highest tide varies from 1.5 to 4.0 feet above mean high water while 
the average yearly lowest varies from 1.0 to 3.7 feet below mean low water. 

For places such as Key West where the movement of water is largely un- 
restricted the heights are not materially affected by storms. Hydrographic 
features, such as those at Providence, R. I., which bring about a funnel or 
pocket effect, amplify the height. 

The range between the average yearly highest tide and the average yearly 
lowest tide for each station in Table 1 may be readily obtained by adding the 
heights of the average yearly highest and lowest tides to the mean range for 
each station. Thus for Eastport this range is 4.0 + 3.7 + 18.2 = 25.9 feet. 

The extreme high water level recorded along the coast occurred at 
Providence, R. I. on September 21, 1938, the height being 15.6 feet above 
mean high water. This high elevation was a result of the great tropical storm 
that caused so much damage in New England.‘ Reference to the table shows 
that this storm caused extreme high tides at a number of other places. At 
New York City the highest level of 5.5 feet above mean high water was re- 
corded on November 7, 1953. In the Chesapeake Bay area the highest tides 
resulted from the severe tropical storm of August 23, 1933. The table shows 
that the highest recorded tide in the Gulf of Mexico occurred at Galveston 
during August 16 -17, 1915, the height being 10.1 feet above mean high water. 
This, however, is 0.7 foot lower than the reported level reached during the 
disastrous storm of September 8, 1900. There is no tide gage record avail- 
able for the Galveston area for that date. 

The extreme low water levels at the various places do not show the wide 
variation displayed between the extreme high water levels. The lowest tide 
recorded along the Atlantic coast occurred at Philadelphia, the height being 
5.1 feet below mean low water. Along the other sections of the coast the 
extreme low water varied from this value to 1.4 feet in the Miami-Key West 
area. 

The range between the extreme high and extreme low water levels at each 
station in Table 1 may be obtained by adding the heights of extreme highest 
and lowest tides to the mean range for each station. 

Pacific Coast.—On the Pacific coast of the United States the datum of 
soundings for nautical charts is mean lower low water. This datum is used 
because of the large diurnal inequality in the tides, particularly in the low 
waters, around the days of the maximum north and south declination of the 
moon. The practical importance of this characteristic is indicated by the 


3. The mean range of the tide for some thousand places on our Atlantic coast 
are listed in Table 2 of the Tide Tables, East Coast, North and South 
America published annually by the U. S. Coast and Geodetic Survey. 

4. “Supplemental Report on Hurricane of September 21, 1938 and its Effect 
on the Coastal Region,” U. S. Engineer Office, Providence, R. I., June 
1939. 
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fact that at Seattle, Washington, on certain days one low water of the day may 
be 10 feet or more lower than the other low water. On our Pacific coast 
therefore mean higher high water, mean lower low water and the range be- 
tween these two levels have special significance. The difference in height 
between mean higher high water and mean lower low water is known as the 
great diurnal range or in its contracted form as the diurnal range. Table 2 
gives the diurnal range and the highest and lowest tides for a number of con- 
trol tide stations on the Pacific coast.° The heights for highest tides are 
above the local datum of mean higher high water while the heights for lowest 
tides are below the local datum of mean lower low water. The average 
yearly highest and lowest tides represent the mean of the highest tide of each 
year and the mean of the lowest tide of each year covered by the series of 
observations. 

The table shows that along the Pacific coast of continental United States 
the average yearly highest tide varies from 1.7 to 2.8 feet above mean higher 
high water, while the average yearly lowest tide varies from 1.7 to 3.9 feet 
below mean lower low water. For the region of Alaska the average yearly 
highest tide varies from 1.5 to 4.5 feet above mean higher high water and the 
average yearly lowest tide varies from 1.8 to 5.4 feet below mean lower low 
water. 

The range between the average yearly highest tide and the average yearly 
lowest tide for each station in Table 2 may be obtained by adding the heights 
of the average yearly highest and lowest tides to the diurnal range for each 
station. 

The extreme high water level recorded on the Pacific coast of continental 
United States occurred at Neah Bay, Washington on November 30, 1951, its 
height being 4.0 feet above mean higher high water. For Alaska the extreme 
high water height recorded was 5.8 feet above mean higher high water, this 
height being obtained at Skagway on October 22, 1945 and at Anchorage on 
October 12, 1923. 

The extreme low water level recorded along the Pacific coast of continen- 
tal United States occurred at Seattle, Washington on January 4, 1916, the 
height being 4.6 feet below mean lower low water. Along the Alaskan coast 
the extreme low water level recorded was 6.1 feet below mean lower low 
water. This height was recorded at Skagway on December 28 and 29, 1951. 

The range between the extreme high and extreme low water levels at each 
station in Table 2 may be obtained by adding the heights of extreme highest 
and lowest tides to the diurnal range for each station. 

A comparison of Tables 1 and 2 shows that the storm effects on the water 
levels on the Atlantic coast are substantially greater than they are on the 
Pacific coast. 


Yearly Variation in Sea Level 


Considerable interest has been evidenced in recent years in the slow 
secular changes taking place in the relation of land to sea. Systematic tide 
observations extending over a considerable number of years provide the 
quantitative data for the study of such changes. The latest determinations of 
the trends in the relative elevations of land to sea along the coasts of the 


5. The diurnal range for hundreds of places on our Pacific coast are listed in 
Table 2 of the Tide Tables, West Coast, North and South America, pub- 
lished annually by the U. S. Coast and Geodetic Survey. 
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United States are shown in Figures 1-3. These figures present the yearly 
variation in sea level and the secular change for a number of places. The 
secular change for each place is indicated by the heavy straight line which 
was computed by the method of least squares. 

Figure 1 depicts the sea level changes for eight places along the Atlantic 
coast from Portland, Maine to Miami Beach, Florida. Along this coast the 
tide observations show that there has been a relative rise of sea level with 
respect to the land. The rate of rise in feet per year at the respective 
places is 0.007 at Portland, 0.014 at Boston, 0.011 at New York, 0.014 at 
Atlantic City, 0.011 at Baltimore, 0.017 at Charleston, 0.016 at Mayport, and 
0.016 at Miami Beach. Considering only those stations where the length of 
series is 40 years or more the indicated relative rise of sea level for the 
Atlantic coast is 0.011 ft. per year. 

Figure 2 shows the sea level changes for 4 places along our Gulf coast 
from Key West, Florida to Galveston, Texas. The tide observations show 
that there has been a relative rise of sea level for this area, the rate of rise 
in feet per year at the several places being 0.009 at Key West, 0.010 at 
Cedar Keys, 0.015 at Pensacola, and 0.021 at Galveston. The average rate of 
rise of the three stations in Florida is 0.011 feet per year. The large value 
for Galveston raises the question of area ground movement. Considerable 
first-order releveling has been done in this area but it has not been possible 
to measure such movement because of the long lines that have to be run to 
locations of stability. 

Figure 3 shows the sea level variations for four places on the Pacific 
coast from Ketchikan, Alaska to San Diego, California. A least square com- 
putation of the tidal data for Ketchikan for the period 1919 to 1953 gives no 
secular change in sea level. Computations show a relative rise of sea level, 
however, for the other stations. The rate of rise for these stations in feet 
per year is 0.004 for Seattle, 0.006 for San Francisco, and 0.006 for San 
Diego. The average of the values for these three stations as determined 
from tide observations extending half a century gives a relative rate of rise 
of sea level for the Pacific coast of continental United States of 0.005 feet 
per year. This rate is about half of that determined from the long series 
observations for the Atlantic coast. 

Similar slow rises in sea level have been noted in various parts of the 
world. The generally accepted explanation is that they are due to the supply 
of water from melting glaciers. This explanation finds support in the fact 
that observations at certain places in northern latitudes indicate land uplift 
due to the decrease in the ice load. 
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Fig. 1.- Variation in Sea Level, Atlantic Coast 
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Fig. 2.- Variation in Sea Level, 
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